We describe a new rat model for teratomas (WKY/Ztm-ter) which arose through a spontaneous mutation in the inbred WKY/Ztm rat strain. When the tumours of the gonads became clinically apparent, affected males were 14 to 224 days of age, whereas the females only developed tumours between days 21 and 63. Tumour incidence is not genderdependent. However, almost all females develop bilateral tumours, while 50% of the males show unilateral tumours. Histologically, all examined tumours (n ϭ65) represent partially undifferentiated teratocarcinomas.
Teratomas arise from developmentally totipotent stem cells (Mintz et al. 1978) , which can differentiate into derivatives of two or three embryonic layers (endoderm, mesoderm and ectoderm). Benign teratomas are composed of well-differentiated tissue of the different embryonic layers while malignant teratocarcinomas additionally contain nests of undifferentiated pluripotent stem cells. Teratomas and teratocarcinomas typically arise in the gonads but extragonadal teratoid tumours have been reported as well (Blackshear et al. 1999) .
Teratomas are extremly rare in rats and mice, the exception being inbred mouse strain 129/Sv-Ter, formerly designated 129/Sv-ter and the so-called Tera-strain developed from Wistar-Imamichi rats (Miwa et al. 1987) . Selective breeding of 129/Sv-Ter mice resulted in one-third of the males having spontaneous testicular teratomas and is associated with germ-cell deficiency, small gonads and infertility in the remaining animals (Noguchi & Noguchi 1985) .
In this study we wanted to characterize the new inbred rat strain WKY/Ztm-ter, by comparing WKY/Ztm-ter with other inbred strains of rats and mice with congenital teratomas. Characterizing rat strain WKY/Ztmter is a promising starting point for further studies in stem cell research.
Materials and methods

Animals
All rats were maintained at the Institute of Laboratory Animal Science, Medical School Hannover, Carl-Neuberg-Str. 1, 30625 Hannover, Germany (subline code: Ztm; http://www.mh-hannover.de/einrichtungen/ tierlabor/index.html).
Husbandry
Rats were housed under standardized specified pathogen free (SPF) conditions in a system with a controlled environment: temperature 21°C (Ϯ2°C), approximate relative humidity of 55% (Ϯ5%) and artificial light from 06:00 h to 18:00 h. The animal room underwent 15 fresh air changes per hour. The animals were caged in Makrolon type III cages (Techniplast, Italy), two per cage with a sterilized commercial softwood granulate bedding (Lignocel, Altromin; Lage, Germany). They were fed an autoclaved pelleted diet (Altromin 1314, protein 22%, fat 5%, raw fibre 4.5%, ash 7%, utilizing energy 3.1 kcal/g), tap water was available ad libitum. The animals were kept in the same room from birth on. Their microbiological status was monitored according to the FELASA recommendations (Nicklas et al. 2002) .
Strain origin
• The inbred strain WKY/Ztm (F74-80) originates from an outbred 'Wistar Kyoto' colony, which was transferred to Hannover in F23 from the National Institute of Health (Bethesda, USA) in 1971 (Hedrich 1990 ). • The WKY/Ztm-ter strain was separated in F72 from its progenitor strain. Individual rats studied were in F73 MF1 to F73MF6.
The WKY/Ztm-ter colony is maintained as a segregating inbred strain by mating littermates or parents known to carry the mutation. All offspring was checked daily for tumours by inspection and palpation of the scrotum and the abdominal cavity. Rats submitted for necropsy were anaesthetized with carbon dioxide followed by cervical dislocation.
Necropsy and histology
All WKY/Ztm-ter rats were submitted to necropsy (aged from 14 to 211 days). Tumorous ovaries and testes were collected on the basis of gross observation at necropsy. For histological examination, the organs were fixed in 4% formaldehyde, transferred after 24 h to 70% ethanol, processed in a routine manner, embedded in paraffin, sectioned at 4 m and stained with haematoxylin and eosin. The wet weight of the testes of the non-tumorous animals was protocolled. 
Statistical evaluation
Results
This new rat model for congenital teratomas (WKY/Ztm-ter) arose as a spontaneous mutation in inbred generation F73 in two litters of WKY/Ztm rats. The ancestors of the affected animals were separated from the colony and used to establish the mutant bearing strain as a segregating inbred strain, being coisogenic to its origin, WKY/Ztm. All ter-rats are descendants of one parental cage in F72. The strain shows an ongoing high incidence (25%) of gonadal tumours.
As an analogy to the 129/Sv-Ter mice we used the term 'ter' to describe the mutation. Our method of classification was based on the hypothesis that the teratomas are caused by a recessive ter allele as described for the 129/Sv-Ter mice (Noguchi & Noguchi 1985) , and develop only in the homozygous state (ter/ter). Homozygous males and females were sterile due to the deterioration of tumorous gonadal tissue. None of the males mated before tumours could be detected, reproduced. Breeders exhibiting normal gonads, which had produced at least one pup with teratomas, were considered to be heterozygous carriers of the mutation (ter/ϩ). Rats with apparently normal gonads were mated with a known ter/ϩ animal and if at least one offspring developed a teratoma, the animal was considered to be ter/ϩ. On the contrary, if no teratoma was detected amongst the offspring of at least two litters, with an average littersize of 6.8 pups being examined, the test mated animal was considered to be of wild type (ϩ/ϩ).
Over an observation period of more than 30 months, teratomas were diagnosed in approximately one-quarter (25.64%) of the WKY/Ztm-ter strain (Table 1) . While tumour incidence was not genderdependent, 90.8% (187/206) of the affected females and only 52.8% (75/142) of the males developed bilateral tumours. There was also no side predilection for unilateral tumours. In females all tumours became clinically apparent between days 21 to 63, whereas in males the time period was expanded from day 14 to day 224 (Fig 1) .
In all rats with testicular or ovarian enlargement, the testes and ovaries were soft, mottled in colour ranging from white (small tumours) to dark red with ruptured serosal surfaces in larger tumours. Rats developing large tumours with a ruptured serosal surface showed a haemorrhagic ascites with fluid accumulation from 0.5 ml to 20 ml. Metastatic disease was found in one of 206 females and eight of 142 males.
During the observation period, 348 out of 1357 rats of both sexes were identified with enlarged gonads and/or clinical problems and were submitted for necropsy. Sixty-five tumours were chosen at random for histological analysis. The examined tumours represent partially undifferentiated teratocarcinomas consisting of tridermic tissues with approximately 10% undifferentiated cells. The preparations showed predominantly mature tissues of ectodermal origin, like skin and neural tissue (Fig 2) ; tissues of endodermal origin, like glands (Fig 3) ; and A rat inbred strain with congenital teratomas 427
Laboratory Animals (2004) 38 Fig 4) ; but there were also immature tissues ( Fig 5) , which resembled normal embryonic structures. Non-tumorous testes of the WKY/Ztm-ter males (n ϭ469) were significantly smaller than the testes of the coisogenic background strain WKY/Ztm (n ϭ88). Based on the Mann-Whitney U test (P ϭ0.0037) and the Kolgomorov-Smirnov test (P Ͻ0.0001), a significant difference in the relative testicle weight (rel. TW, testicle weight/body weight) ( Fig 6) was seen. The testes of WKY/Ztm-ter males were significantly lighter than those of the WKY/Ztm.
Discussion
Teratomas of 98.6% of the females became clinically apparent until day 50 postpartum. This correlates with the time rats show a regular oestrus cycle. Puberty in the male rat is considered to be at around day 50, and fertile spermatozoa in the testis can be found for the first time at day 20-30 after birth. However, Sakuma (1977) reported that male Wistar rats contain testicular sperm not before day 70. Male WKY/Ztm-ter rats developed tumours before, during and after puberty. Approximately one-quarter of the tumours in male WKY/Ztm-ter rats developed after day 50 (23.9%), only 14.1% of the male tumours was detected before day 20. In females the period of time of tumorigenesis is only 42 days, whereas males develop teratomas from early weaning age (day 14) until day 224 of age. It may well be that the gender-related variance in tumour growth rate is dependent on sex hormones.
In previous reports, Kubota et al. (1981 Kubota et al. ( , 1984 showed that oestrogen and progesterone could enhance tumour growth and development of mouse ascites tumour OTT6050, while the application of testosterone, orchiectomy and antiandrogens had no effects. The tumour growth rate decreased with age in female mice, but remained constant in male mice (Kubota et al. 1981 (Kubota et al. , 1987 . Therefore, tumorigenesis in males does not depend on changes in the serum testosterone level. Apparently, the differences of teratocarcinoma growth rate in mice of different ages and sex were due to changes in serum oestrogen and progesterone levels. Tumour growth in mice decreases the live expectancy as compared to controls.
Our WKY/Ztm-ter rats became moribund shortly after tumour growth initiation. The majority (71.8%) of the female WKY/Ztmter tumours were detected between days 26 and 36. This correlates well with observations by Ojeda and Urbanski (1994) who found that under physiological conditions at days 30 to 32 the oestrogen-induced surge of luteinizing hormone in rats is very similar to that of the first oestrus. It seems probable that the decreased lifespan of homozygous WKY/Ztm-ter females is due to an increased tumour growth rate stimulated by oestrogen, while in males tumour growth can be delayed. However, this does not explain the early development of tumours in homozygous male WKY/Ztm-ter rats. Maternal oestrogen cannot be responsible for the difference in tumour growth in the sexes, because it is trapped by the ␣-fetoprotein in the fetal blood, synthesized by the perinatal rat liver in both sexes (Toran-Allerand 1984) .
The gene that induces teratomas in WKY/Ztm-ter rats differs from that in 129/Sv-Ter mice in some aspects, as the animals show neither germ-cell deficiency, nor gender specificity. The mouse Ter gene was mapped to chromosome 18 (MMU 18) by Asada et al. (1994) . The Ter allele in 129/ Sv-Ter mice was first described as a single mutation causing a dramatic increase in susceptibility to spontaneous testicular teratomas (Stevens 1973) , but was shown to have co-dominant effects on both germ-cell numbers and incidence of testicular teratomas (Noguchi & Noguchi 1985 ). Yet it is not known if there are any degenerative changes or a germ-cell deficiency in the non-tumorous, but small, testes of the WKY/Ztm-ter males. Thirty-three per cent of 129/Sv-Ter males develop spontaneous testicular teratomas, but roughly 25% of both sexes of WKY/Ztm-ter rats do so (males 22.4%, females 28.4%). Heterozygous 129/Sv-Ter mice and WKY/Ztm-ter rats are fertile. The gonads of day 15 fetuses of homozygous 129/Sv-Ter mice contain a reduced number of primordial germ cells (Stevens 1962) . Adult homozygous females have small ovaries and a reduced rate of reproduction, but do not develop teratomas. Adult homozygous males are sterile (Noguchi & Noguchi 1985) .
Teratomas are derived from primordial germ cells. By day 13 of gestation the gonadal ridge contains distinguishable primordial germ cells in both sexes of rats (Hebel & Stromberg 1986) as well as of mice (Tam & Snow 1980) . Grafting experiments in strain 129/Sv-Ter suggest that the critical period of teratogenesis is at 12 days in fetal development, shortly after primordial germ cells reach the genital ridge (Stevens 1964 (Stevens , 1970 . The smallest, clearly identifiable, spontaneous tumours are found on day 14 of gestation (Rivers & Hamilton 1986) . Further studies are therefore aimed at finding the earliest time of tumour development in WKY/Ztm-ter rats, and determining whether it is consistent with that found for 129/Sv-Ter mice. Are the histological changes similar to those in 129/Sv-Ter mice, and what are the differences in teratogenesis in male and female WKY/Ztm-ter rats?
Additional efforts will be made to identify the gene responsible for the mutation in the WKY/Ztm-ter strain. It would be interesting to find whether the same gene as in the Tera rat (Miwa et al. 1987) , which was derived from the Csk: Wistar-Imamichi strain, is involved. The frequency of teratoma development in the Tera rat is approximately 25% with no sexual dimorphism. It is also quite probable that a single gene is responsible. This teratoma was diagnosed as triphyllomatous as well.
Embryonic stem cells of mice, which were first obtained from mouse strain 129/Sv-Ter, play an important role in targeted mutations, and this enables man to study gene functions and pathomechanisms of various diseases. The rat would be a better model for considering a lot of experimental questions, but unfortunately it has not been possible to obtain chimeras from rat embryonic stem cells or embryonic carcinoma cells till now. Characterizing WKY/Ztm-ter is an important tool for investigating the potential of this rat strain, which, although it shows an ongoing high incidence of congenital teratomas, differs from mouse strain 129/Sv-Ter by not showing gender specificity and germ-cell deficiency.
